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@ M^thckl £liid apparatus f6r bdkihg and coollhg semiconductor wafers and ttie like. 



® -A method and . apparatus, for quickly cooling semiconduptpr wafers, flat. panels to^ 

flat panel displays, and the like, in which a wafer or flat panel is placed in close proximity to a hotplate and ja 
thermally conductive, non-reactive gas, such as ihelium, is introduced into the airspace b^tyyeen the wafer or flat 
panel and the; hotplate. The thermally conductive, non-reactive gas. In one emtxxJirpent, is preheated before 
intrcMductlpn intp the airspace between the w^fer or flat panel and the hotplate, by being passed through a bore 
through the hotplate. Additipnally. the wafer is automatically aligned . in a milled recession in the hotplate! surface 
for future, handling. i: 



'mzzzzzzz2zzzt 



104 



tOBB 



106 



x-102 



106 



110 

1. 



106 



UJ 



FIG. 1 



Rank Xerox (UK) Business Services 

13. 10/ 3.09/3. 3.4» 



1 



. EP0 657 918 A2 

This disclosure relates to the field of the semiconductor fabricatibri/and in pai1icu!ar/tp an^ihiprdyed 
iihethod and apparatus for baking semiGdndiictbr wafers and the . like to a desired temperature quld^jy^a^ 
venly. 

In the ait of the semiconductor fabrication* it is often necessary to bake a semiconductor wafer or 

5 similar article, e.g. a large, flat panef for ^ flat p^ei display, which has^Ht^eeq xx^ated with a chemical, such 
as photoresist, to a desired temperature so as to cure the chemical. For example, semiconductor wafers are 
typically heated to a temperature of 100*C to cure a coating of photoresist chemical. The partkxilar 
temperature which is destred^ls dependent upon the particular chemical coaling: the v^afor p^'^iflM panels the 
thickness of the chemical coating, and the desired effect 

10 In the prior art, hotplates were used to bake wafers. For example, a wafer that wa$ coated on one side 
with a chemical, such, as photoresist, was placed on a hotplate... such that the ijnooated..$ide of the wafer, 
was in direct contact with the hotplate. The wafer was held in positk>n by applying a vacuum to the 
underside^ of ^e wafer through bores drilled into the hotplate. The hotplate was/then li^ated lo^lOOfC to . 
thereby bake the wafer, bringing :the wafer.itp^ ti> 1 00 • C. 

76 This baking system of the prior art ^ posed two problems: Rrst, since the . uncoated: side* J;ev1he 
"backside", of the wafer would: dttein i be cohtanlinated with chemical, the hotplfAe^r?^rc^.>was lA^irec^ 
contact with the uncoated side of the wafer, likewise became contaminated with chemical. Therefore, the. 
hotplate would rec^re: fTeequ^ cleaning, requiring frequent breaks in the semleondu^tor -irnaiiufacturirig 
process. r . ■ ' • ■ lv{.U \"".V.: 

^ 20 Second, as the wafer was in direct contact with the hotplate, the wafer is susceptible to contamination 
on the backside of the wafer/Particulates:on the teckside of the wafer often cause focus errors during the 
resist exposure process. In cases where higher temperatures are used, sudden contact of the heated 
hotplate with the wafer can cause thermal shock which sometimes leads to warping or fracturing of the 
substrates- - ■ ■ • 

25 For these reasons, serinlbond^dr rnstintif^e^ has moved towards a "proximity t>ake". in which the 
wafer is spaced from the hotplate by three support posts, so as to leave a 5 mil gap t>etween tiie wafer and 
the hotplate. This prevents backside corft^ihation by avoiding direct contact t>etween the t^ackside of the 
wafer and the hotplate. Prevention vbf b^kside contarnination reduces tiie likelihood of focus errors and 
thermal shock. Hovy.ever, two prol>le(ns are pr^ertted .by previously, known proximity bak^ Rrst, 

30 the support posts which support the wafer above the hotplate interfere with the baking process by causing 
uneven taking at the points on the wafer which are in contact with suppopdt p"^ 

more time is required to heat the wafer to the desired temperature. For example, forty-five (45) seconds is 
typically required to bring a wafer to 100*C when spaced 5 mils from a hotplate at 100* C. In additiori, 
convection can cause tinev€in he^aitinigna^^ wafer leidge as the air^bdtwe^:the 'wiafe»r d^ 

35 expands ^ a result of th^ heatinig of the .air. i : - r 

One known solution to the problem 6f the additional required t>ake time in prbximity baking is to heat 
the hbtpliate to a high^ t^hiperature, e.^., 150*C. This hotter temperature bringis the wafer to the desired 
temperafcire, e.<gj:; 10p*C, rriuch more quickty. However, the thermal unifonmi^ of the hbtplate degrades ds 
the temperature is increased: In addition, true thermal equiJibnum is never fully attadhed ih a reasonable 

40 process time. As a result, the temperature throughout the wafer is less unifonm and changes thrbughbut the 
baking process. In other words, some places of the wafer are too cold and other places of the wafer are too 
hot to property effectuate an even cure of tiie chemical: coating. 

The substantial' increase in bake time assbctated with . proximity t)ake processes is p^cularly un- 
desirable as increased bake time reduces the number of senaiconductor wafers or other substrates that can 

45 be produced in a given time period,- e.g. one day. Similarly, delays and resist exposure errors, which are 
caused by chemical contamination of the hotplate or the backside, of the wafer, associated with contact 
baking of the prior art described above substantially reduce the numt)er of. Semiconductor wafers that can 
be produced in a given time period and can reduce useful product yield. ; 

A third problem arises during proximity baking of wafers if the wafer being baked has a slight warp. 

50 Some portions of the wafer are spaced furtiier from the.hotplate than otiier pbrtibnjs^ as a result of tiie warp 
of the wafer. Accordingly, tiiose portions of the wafer further from the hotpiatie 'heat more 3k3wly tiian the 
portions of the wafer nearer to the hotplate. Thus, warped wafers are not uniformly heated by proximity 
bake systems of ttie prior art 

Th problems descritied atx>ve are equally applicable to the process, by which th wafer is cooled for 

55 subsequent xposure of the photoresist. Typically, the wafer is placed on a chill plate which atisorbs heat 
from the wafer and quickly txings the temperature of th wafer to room temperatur . However, placing the 
waf r directiy on the chill plate poses the same potential of backsid contamination of the wafer descrit>ed 
above with respect to hotplates. To prevent backside contamination, a proximity chill is used in which the 
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wafer is supported by a number of support posts above a chill plate. Proximity chill suffers from the same 
slowness of heat transfer as described above with respect to proximity bake methods. 

According to one aspepjt^ of th present invention there Is provided a method comprising: 
placing a substantially flat article in proxirnity to a hotplate* which has a desired temperature, iso as to 
5 form an airspace therebetween;, and . / 

introidudng a thermally conductive, non-reactive gas into the airspace. 

A second aspect provides an apparatus for hea^hg a sub^stantially flat article to a desired tiemperiatiire, 
. tine apparatus comprising: 

a hot plalfti mounted on a support structure, fiiaving a top si^^^^ 
10 means for heating the hotplate to the desired ternperat^^ 

support means on the top side of the hotplate for supporting the flat article in proximity to the hotplate 
and creating an airspace between the flat article and the hotplate; 

a thermally conductive, non-reactive gas source connected to the support structure; and 
means for introducing an amount of thermally conductive, nort-reactive gas from the gas source into the 
IB airspace. 

Yet a third aspect of the invention provides an apparatus for cooling a substantially flat article to a 
desired temperature, the apparatus comprising: * 

a chili plate, mounted on a support structure and having a desired temperature, having a top side; 

support means on the top side of the ho^late for supporting tiie flat article in proximity to the tiotplate 
20 and creating an airspace between the flat article and the chill plate; 

a thermally conductive, non-reactive gas source connected to the sujp>port structure; and 

means for introducing an amount of thermally conductive, non^reactive gas from the gas source into the 
airspace. 

Hence it will be appreciated that the disadvantage of the contact bake systems and the proximity bake 
25 of the prior art can be overcome by the present invention which requires Introducing a thermally conductive, 
non-reactive gas ir^ the airspace between the v^fer and the. hotplate. A "non-reactive" gas is a gas that 
does not reatfily react with thd chemicall coating of tiie wafer during tiie curing process. Helium Is a 
particulariy good thermally conductive, non-reactive gas and is both readily available and inexpensive. 
Helium in tha airspace between the wafer and i^ie hotplate produces a much more uniform heatinp of the 
30 wafer than did proximity fc)ake systems of the prior art, reducing any anomalies in the heating bf the wafer 
. near points in contact with the support posts and trar)sfemng heat to areas pf the wafer that are of 
increased distance from the hptplate as a result of a warp in the wafer: Furthermore, as helium is a 
particularly efficient energy transfer medium, the time required to he^t the vy^fer to the dei^ired temperature, 
as well as the. time required to cool the wafer, is reduced by two-thirds or morie. 
35^ . .. in one embodiment helium is heated to the desired temperature, e.g. 1Ck)* C, j^rior t^^ 

the airspace between the wafer and the hotplate. In a particular erhbodimient, tills jpre^heatin^ of tiie heliiim 
is accomplished by forcing the helium through a t>ore which passes thrij^tigh the hdtplate^ therelDy fbrcing 
the helium to travel through the hotplate for a particular distance. For example, in the prefeitedf bmbodi- 
. . , ment, helium travels through tiie hotplate for a dista^^ 
40 For a better understandirig of the invenflph, reference will how be made, by way: of ek the 
accompanying drawings, in which: . i 

Fig. 1 is a cross-sectiohal view of a proximity bake system in accordance with the present invention. 
Fig. :2^ is a cross-sectional view of a hptp^late and a schematic view pf a helium supjpjy ih aiccdrdance with 
one embodiment pf the present invention. • 
.45 Fig. 3 is a plan view oif the hotplate of Figure 2. 

Figs. 4A and 4B are cross-sectional views of a hotplate form^ in accordance with the second described 
embodiment of the present invention. 

Fig. 5 is a crpss-sectional view of a hotplate formed in accoi^dance with the ttiird des6rit>ed ertibiiddiment 
of the present invention. . . 
50 Figs. 6A and 6B are cross-sectional views of a hotplate fonrned in accordance with the fourth described 
embodiment of the present invention. Fig. 6C is a plan view of the hotplate of Rgs. 6A and 6B. 
A wafer 102 (Fig. 1) is spaced from a hotplate 104 by about 5 mils by support posts i 06. As is 
commonly done In the art, hotplate 164 is heated to 100 *C. Many semiconductor processing systems in 
which the temperature of a hotplate is controlled are currently available, the Orbltrack system available 
65 from Semiconductor Systems, Inc. of Fremont, California is such a system. To facilitate hedt transfer from 
hotplate 104 to wafer 102, heliunri gas is introduced , into an airspace 110 t)etweeh wafer 102 and hotplate 
104. 
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While heliurri is used in disclosed embodiment, any gas may be used so long as the gas is particularly 
efficient as an energy traihsfer mefdium and will not react with the chemical coating on wafer 102. A gas is 
particularly efficfent as an energy transfer medium if the gas has a therfnal conductivity which is 
approximately equal to or greater than 100 cal/(sec)(cm^{ • C/cm) X 10^ at a temperature of iOO*F. Such 

5 a gas Is called herein a "thermally conductive gas". Helium is a particailiafly efficient energy transfer 
medium, as helium has a thermal conductivity of 368.63 cal/{sec)(cm2^(*C/cm) >C 1Cr« at a temperature of 
idb^ F. Air. by cbhtrast hais a thermal conductivity of 64^ cal/(i5ecKcm^CC/cm) X liDT^ at a temperature 
of 100*F. Furthermore, as helium is an inert gas. helium will not react with any' chemFCial coating oh wafer 
102. A gas which will not readily react with the chentilcal coating of w^ter t02 lis herein called a "non- 

70 reactive gas". Additionally, helium is readily available iaiid ihexpensiv^.^' 1^ helium is used in the 
preferred embodiment.' 

Some thermally conductive gases are liistdd in i'sible' A below. 

* TABLE A 

75 . ' ■ 



Gas 


Thermal Conductivity^ : 


Helium 


36a63 


Hydrogen 


45a72 


DeiiteriuWi' 


343.01 


Neon 


118.19 


Air 


64.22 



^ As atx)ye. the thermal conductivity Is: listed In units of.-, 
cal/(se<9{cm^C CS/fcm) X lO"® forj^a temperature off io6 r^F. 



Ais helium has a particulkrty high thermal ponductiyity, the heliumr gas in sarspace 110 K>etWem Hpiplate 

30 104 aind wafer 1 02 serves as a particularly effid^nC energy tf^sjfer nri^ium' i^^e^n hotplate 104 and- wiafeT 
102. As a result, in one embodiment of the preisent invention, the time required to bring wafer 102 from 
room temperature to,1(k)'C is recjuced from forty-five (45) seconds?; without ^he^^^ iri airspace 110 to 
thirteen (13) seconds with helium in latrspace 110. A similar ridducfipn lis observed' in the tirhe reC|uired for 
the wafer to cool when In proximity to a chill plaite (not shown). Thus, thre^ times as many wafers can be 

35 . processed according, to disclosed eriribbdiment of tfie present invention as can be processed according to 
previously existing proximity bake systems. 

Fui4)ermore. helium Is a particularly efficie|it energy trcmsfer rnediuiiii. ;h^^^ airspace 110 
produces a miich more uhifonrn heating of waf eir 1 62 than did j^r'bxiniity bake systems 6f the prior art 
Helium in airspace 110 reduces any anomalies in the heating of w^fer 102 hear points in contact with 

40 support posts i06. In aiddition, helium gas generally rises, thereby naturally flowing to areas of wafer 102' 
that are of .increased distance from hotplate 104 a^ a result of a warp in wafer 102. Tttese areas of wafer 
102 that y/ere typically insiifficiehtiy heated In previously known proximity b^fke Systems are sufficieintly and 
efficiently heated by the heat transfer properties of the helium. Thus, helium in airspace 110 provides a 
substantial improvement over the known bake systems in the uniformity of the heating of wafer 102. 

45; While yvafer 102 is t>aking in proximity to hotplate 104, a lid i08A is lowered so as to form a sealed 
chamber whh a support structure 108B, thereby containing the helium gas and the heat of hotplate 104. 

Hotplate 104 is shown in grejater detail in Rgs. 2 and 3. HotjDlate 104 is gun drilled from the edge of 
hotplate 104 through its center to form a riadial bore 210. Slnnilarly, radial bbries 21 OA and 21 OB (Rg. 3) are 
.. drftled. Plugs 211, 211A. and 211B seal the ends of radial bores 210, 210A, and 210B, respectively. A 

so center bore 214 is drilled through the bottom of hotplate 104 so as to allow helium to be introduced into 
radial bores 210. 21 OA and 210B: A top bore ;^12 (Fig. 2) Is drilled throufijh ttie top of hotplate 104 Into 
. radial bore 210. Top bore 212 Is spaced from cent r bore 214 by a distance 216, such that helium 
Introduced through pehter bore 214 travels along radial bore 210 for a distance of at least distance 216. As 
helium flows from center t>ore 214 abng distanc 216 of radial bore 210 to top bore ^12, the helium Is 

65 heated to th ternperature of hotplate 104. Thus, helium iflowing through top bore 212 into airspace 110 
(Figure 1) is ttie same temperatur as that of hotplate 104. 

In one embodiment, distance 216 (Figure 2) is at least 2 inches and the diameter of top bore 212 is 2 
mils. Top bores 21 2A and 21 2B (Rg. 3) are drilled through the top of hotplate 104 into radial bores 21 OA 
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and 210B, respectively, in the manner described above y\rtth respect to top bore 21 2. 

In a second embodiment an additional top bore (not shown) is drilled directly over center bore 214. 
Helium flowing through this center top bore Is not as thoroughly preheated as i^ helium flowing through top 
bores 212, 212A and 212B. 

6 Some hotplates used in the prior art applied a vacuum hpld-down using radial bore^, lop bores and a 
vcenter bore which were drilled as described above with /esptsct, radial bores 210, 210A, and 21 OB; top 
bores 212, 212A, arnl 2t2B; and center bore 214, In such hotplates, helium is introduced through the bores 
to which a vadium was applied in the prior art. in hotplates having numerous tpp bores, helium may flow 
through only one ©r a few of the top bores,^ causing wafer 102 to be heatecl rion-unifprrnly^ ft is preferred 

10 that a sufficient number of the top t>pres of sucii hotplate be pltigged such that helium flows ttirough top 
bores which are suffidently distributejd 

Helium. is introduced into hotplate, 104 from .a helium soprce 22g (Rg. 2), Helium source |226 cain be 
ordinary bottlOc of pressurized heilum available fron> Airco Products of San Leainidrb, C^fifomiaL A valve 224 
..controls the rate at which heliunri: flows fronri helium source 226 In one embodiment, valve 2S4.te adiusted 

IS by hand to provide a flow rate just insufficient for form an air bearing under wafer 102 as described below. 
It Is appreciat€fd that known and avsiilable electroniqally conWll^ can be used in as valve 224, The 

flow of helium fiom helium source 226 i$ controlled a ^pliphoid i;^2 and the rate.at which helium 
flows from hellurn source 226 is nrionltored by flow meter. 220, HeRun) flows frorri helium source 256 
through, valve 224, solenpid valve 222, flow^m^ter 22p, ai^d a tybe 218 throMgh center twDre 21 ^ Into radial 

20 bores 210, 210A and 21 OB., of hotplate 104. in, p^ije, w>t^ 222 is controlled by a. 

control. unit 22a,- 7 . -...^ -^'r- ^t-. . . - 

Solenoid valve; :222, in^ one em!t)odiment is I3t%e EVPb3-12PyQ solenoid yajye suppiie«i by piippard 
Laboratories of Cincinnati, Ohio. Flow meter 220 can be the B-433 flow meter availat)ie frprn th^e^^ 
Instrument Company of Hatfield, Pennsylvania. The B-433 flow met^r can meiasure flow rmes ranging f^^ 

25 2ero (0) to, thirty-two (32) cc/minute. The B-433 flow metpr is not , designed for use yWtfi helium some 
helium 4eaks from the Br433. flow meter when vised as flow rn^^r 220. However, many f low rn^ers w^^ 
are designed for use with hefium are known and ayailadble in, tiie art and such 'flow nfietefs can t>ie uski as 
flow meter 220. 

The use of control, unit 228 to control solenoid valve 222. is known and a control unit cap^bte of 
.30 :: controlling solenoid valve is used in th^ prtfltrack^system ava|l^^ Sennicondudtor Siyst^^^ of 

Fremont, California.. , . . . ■ k ^. : 

In one embodiment, helium flows from heliunri. source 226 at a rate of abojut 3 cubic centimeters per 
minute. In this embodiment, helium flows at a rate just below that which fpr^^ an air bearing below wafer 
102;,(f=ig. 1). The appropriate flow r£rte,, is determined l>y inpri^asing the .f ^ until an air 

35 tHearing forms under wafer 102 (typicaily 2-4 cp/minute),: causing w^ to.moye. with restpect to hotplat 
1 Q4. The flow rate of the heliurn is then dpcreased untii wafer 1 02 no longer floats on an air beiarihg. 

Areas of the chemipal cpating of waffr 102 which are ;dirpctt atoye top bores 212, 212A and 21 2b 
: (Rg. 3) tend to cure more quickly than other areas of the chemical cpating of wafer 102. Thus, in other 
embodiments, helium is pulsed ipto airspace 1 10 by repeatedly turning pn the fipw of helium for a period of 
40 V' time and then turning off: the flow of heliurn for a period of .time.^ 6y periodically stopping the flow of helium 
into airspace 110, the helium Is allowed to disperse throughout airspaq^ 110 to prpyide a nriore eyen heating 
of wafer 102. In a particular embodiment, helium is introduced into airsjpace l lO ^t a rate of fifteen (15) to 
twenty (20) cubic centimeters ppr minute for a period of two seconds jand then shut off for a period of two 
seconds. In some embodiments, helium is introduced through top bpres 212, 2i2A ^d 2T2B prior to 
.45 - placing wafer 102 support posts J 06. This early introduction of helium speeds the heating of wafer 102 and 
minimizes any premature, non-uniform heating of wafer 102 as a result of t>eihg placed iri contact with 
support posts 106. which may be hot as a result of a previous bake. 

A secpnd embodiment of a hptpl^tp according to the principles of the present invention is shown in 
Figs. 4A and 4B. Hotplate 1048 has a lip 104B-L around the periphery of wafer 102 to form a well or bowl 
50 in which wafer 102 sits. Up 104B-L reduces the leakage of heHum jfrom airspace 110 between wafer 102 
and hotplate 104B. Water 102 (Rg. 4B) is, lifted above lip ip4B-L after the proximity bake by lift pins 402 
which are positioned In holes (not shown) through hotplate 104b and which are slldably moveable in the 
vertical direction. Such lift pins are commonly used in proximity bake systems currently available, e.g., the 
Orbltrack system available from Semiconductor Systems, Inc. of Fremont, California. Similarly, wafer 102 is 
55 lowered below lip 104B-L Into the position shown in Fig. 4A prior to the proximity bake by lift piris 402. 

A third embodiment of a hotplate in accordance with the.principles.ot the. present inveniiori is shown in 
Rgure 5. Radial bore 21 OC, tpp bore 21 2C, and plug 211 C of hotplate l64C are formed generally as 
described above with respect to Figure 2. The top surface SOI of hbtplaite 104C is milled to a depth 502 
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such that wafer 102 will sit in the milled area with a gap of a distance 503 around the perimeter of wafer 
102 arid the uhmilled portion of surface 501. In one embodiment depth 502 Is 5 mils and distance 503 is 
ten (10)' mils. Hotplate 104C is again milted to a depth 504 sO as to leave a. bench 506 to support wafer 102 
and leave an airspace HOC t>etween hotplate 104C and wafer 102. In one emfcjbdiment, t>ench 506 has a 
5 width of bne^tenth of an inch, and depth 504 is 10 mils so as to leave a distance of 5 mils between wafer 
102 and hotpilafe i04C. As describefd above with refspect to hotplate i04B (Rgures 4A and 4B)» lift pins (not 
slipwn in Figure 5) lift wafer 102 (Figure 5) out of and low^r watei^ 102 into tf^ miliM area of hotplate 104C. 

A With embbdime^nt of a hotplate according to the prihcrples of the present invention is shown in 
Figured 6A-6CS/H6l^late 104b has ho gun drilled radial bbres but instead hais a cylindric^ chamber 210D 
10 ' viitiich' is^'fohrnM'fh^^^ arVd is concentric with ho^late 104d. Helium is introduced into chiamber 21 OD 
through center bore 214D. top bore 2l2b is angl^ toward the center df hotplate 104D. Wafer 102 sits on a 
; t^ch 6b|i Whifeh IS fbrmi^^ as describe above virfth respect to bench 506 (Rgure 5). In bench 606 (Rgure 
i^A), an £ihnular grddve 604 is formed. A vacuum bore 602 fs drilled through hotplate 104l> into annular 
gropye 6D4: A relative vacuum is applied to reduce the air pre^^ure in annular groove 604 through vacuum 
75 bor^^2 to hold Water 10i2tig^ 

V|Vs isi the ciase with hotplate 104C (Rgure 5), hotplate 104D (R^re 6B) is niilfed to a dep 650 of 5 
'^ mi^ and is further nililed to a depth 652 of ah additionaii 5 mils to fomn bench 6D6 vy^ose inner edge Is a 
654 of bne^tenth (0.1) of an inch from outer edge 6B6 df the well. Hditplate 104D is further m'llted in 
J'a area 6fO' befwebn the inner edge of bench i6p6 and the duter edge 668 ctf* the weiL^Aniiidar groove- 604 is 
20 placed in 4i6 center of bbhch 606 leaving a n^ow fiidrtion dif'the surface of bencii-606^6f a Width 656 of 
apprpximately thirty (30) mils on either side of annular groove 604. If distance 656 is excessively narrow, 
herniate V04b bbcbmes susceptible to t^ysic^ damage and wear. Annular grooved 604 has k width 664 of 
ajgprqximai^^ ' 

- ' "^iMtitiQ W^iale 104D l^twben bench iBN)6 and outer edge 668;^^^ i^^^^ iri dre^ 670i feduc^ batdcsid 
25 : TOritkc^ wit^^ 102. h is Importali^ that' b^ 606' t)e p€>sitioriecf 

sbme disfehce frorri tf^^^^ oirt^ir edge of Wafer 102 sinc^ backside contaminatibh of wafer T02 at the position 
of contact hear anriutair groove 604 cah reducci the eflectiveribiss of vacuum hoidMdown and bad^de 
contamination is most likely at the outer edge of wafer 102. Wafer 102 is lifted on to and off of bench 606 
by lif^ pirisj^^ 

30 Top bbre 212b is drilled at a poMdn which is a distance 668 of a0proximati&ly 1 centimeter or 0.39 
inches from bench 606. Top tx>re 21 2D is drilled at an angle 660 of approximately 45* from F)erpendfcular 
to the sur^ce of iiibtplat^ 104b. Top bore 21 2D is angled toward the cehte^r of hotpl^e 104D. The diameter 
. 662 bf tci>bore212D isaij^^ - 

figure 6C is a top view c>f hotplate 1d4D. Annular groove 604' In b^hch 606 is shown With vacuiJm bore 
35 602. A to^al of three tbp bores» i.e., top bores i^^D, 21 2D-2/ and 2l2b-3, are angled toward the center of 
hotplate 104b. A wafer is automatically center^ oh t>ehch 606 by atteniiatively G) filling airspace 11 OD 
. (Rgiiire 6A) wjth sufficient hielium to Irft Waif er 102 from benc^ '606 and (tiy applying a relative vacuurn to 
. ' vacuurh 1x>re 602 to firmly hold wkfer 102 against bench 606.' The seqtience of lifting and then firmly 
hok^ing wafer 102 is repeated five (5) times to ensure tfiat wafer 102 is centered on bench 606. 
40 Since^ 2innular'gfbove| 604 (Rgure 6C) appHes a rielative viEicuum to wafer 102 (not shbWh in Rgure 6C) 
around entire periphery of wafer 102, a small warp In waf^r 102 is reduced or elimihe^ during the 
baking process. Additibnaily, b^k sidie Contamination near the centilr of wafer 102 is eliminated as no 
support , posts are used. Sinbe wafers are generally held by vacuurh damps hear the centers of the wafers 
during/semiconductor wafer manufadturing, it is more important to eliminate backside contaminatton near 
45 thelcenter of a Wafer thain near Utih edge of the wafer. However. With larger Wafers, such a^ large, flat panels 
for fiat panbl display^, a support pdsf (not showiri) Is placed in th6 center of hotplate 104D'to prevent 
warping of and to support wafer 102. 

the princifples of the present disclosure are equally applicable to improving the cooling of serhiconduc- 
tor wafers immediately sut>seqiieht. to baking. For example, hotplate 104D (Rgbre 6A) can be used as a 
50 chill plate, to use hotplate 1 04b as a chill plate, hotplate 104D is kept at room temperature' Wafer 102 is 
placed, on hotplate 104D and centered as descrlt>ed atx)ve. W^fer 102 is held In plac by a relative vacuum 
applied to annulaf groove 604 through vacuum l>ore 602. A thermally conductive, noh-reacrtiv gas jsuch as 
helium Is Introdiiced throiigh center t>iofe 214D, through dhamber 210D, and through top bor 212D into 
airspace ItOD. Helium Jn' 'airspace iiOD accelerates the transf r of heat from wafer 102 to ho^late 104D. 
55 Thus, a thermally cbnductiv gas betweeh wafer 102 arid hotplat 104D promotes heat exchange t)etween 
wafer 102 and hotplat i04D tx>th during heating and during cooling. 

the embodiments described herejn are illustrative only and not iimiting. The invention is limited only by 
the claims which follow. 
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Claims 

1. A method comprising: 
placing a substantially flat article In proximity to a hotplate, which has a desired temperature, so as 

to form an airspace therebetween; and 

introducing; a thermally conductive, non-reactive gas int^. the airspace. 

2. Thesmethod of claim 1 further comprising: 
heating the gas prior to the step of introducing the gas into the. airspace. 

3. The method of claim 1 or 2 further comprising: 

bringing the gas to the temperature of the hotplate prior to the step of introducing the gas into the 
airspace. 

75 4. The method of claim 3, wherein the step of bringing the gas to the temperature of the hotplate 
comprises: 

introducing the gas into a bore in the hotplate which opens into the airspace between the hotplate 
and the flat article. 

20 5. The method of any one of claims 1 to 4, wherein the desired temperature is room temperature. 

8. The method of any one of claims 1 to 5, wherein the thermally conductive, non-reactive gas is helium. 

7. The method of any one of claims 1 to 6, wherein the step of introducing the gas comprises: . 
25 (a) introducing the gas into the airspace for a first period of time; and 

(b) ceasing introduction of the gas into the airspace for a second period of time. 

8- The method of claim 7, wherein steps (a) and (b) are repeated so as to alternately introduce gas for a 
first period of time and cease introduction of gas for a second period of time. 

30 

9. An apparatus for heating a substantially flat article to a desired temperature, the apparatus comprising: 

a hot plate, mounted on a support structure, having a top side; 
means for heating the hotplate to the desired temperature; 

support means on the top side of the hotplate for supporting the flat article in proximity to the 
35 hotplate and creating an airspace between the flat article and the hotplate; 

a thermally conductive, non-reactive gas source connected to the support structure; and 
means for introducing an amount of thenmally conductive, non-reactive gas from the gas source 
into the airspace. 

40 10. The apparatus of claim 9 further comprising means, connected to the gas source, for p)reheating the 
gas prior to introduction Into the airspace. 

11. The apparatus of claim 9 or 10, wherein the thermally conductive, nonnreactive gas is helium and 
further wherein the themaally conductive, non-reactive gas source is a helium source. 

^5 

12. The apparatus of claim 9. 10 or 11. wherein the hotplate has a bore therethrough and further wherein 
the means for introducing the gas into the airspace introduces the gas into the bore through the 
hotplate such that the gas is at the temperature of the hot0late when introduced into the airspace. 

50 13. The apparatus of any one of claims 9 to 12, wherein the means for introducing the gas comprises: 

a pressure regulator, coupled to the gas source and having an output, for regulating the pressure of 
the gas as the gas is released from the gas source; 

a solenoid valve, coupled to the output of the pressure regulator, for selectively controlling the flow 
of the gas from th gas source through a solenoid valve output to the airspace; and 
55 . a flow meter, coupled to the solenoid valve output, for measuring the flow of gas from the gas 

source to the airspace. 
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14. The apparatus of any one of claims 9 to 13, wherein the support means is an annular bench which 
supports the flat article near the outer edge of the flat article. 

15. The apparatus of claim 14, wherein the annular fc)ehch includes swi annular vacaum hold-down groove. 

ia An apparatus for cooling a subsfantTally flat article to a desired temperatum, the apparaUis comprising: 
a chill plated mounted on a support structure and having a desired temperature, having a top side; 
support means on the top side of the hotplate for siipportlhg the flat article Jn prDxImlty to the 

hotplate and creating an airspace betwieen the flat article arid the chill pliate? ' - • - 

a thermally conductive, rK>n-reactive gas source connected to the support structure; and 
means for introducing an amount of thennally conductive, horMreactive gas from the gas 

into the airspace. > . v ' - 
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@ Method and apparatus for baking and cooling semiconductor wafers and the lilce. 



(§) A method and apparatus for quickly and uni- 
formly baking and cooling semiconductor wafers, flat 
panels for flat panel displays, and the like, in which a 
wafer or flat panel Is placed in close proximity to a 
hotplate and a thermally conductive, non-reactive 
gas, such as helium, is Introduced Into the airspace 
between the wafer or flat panel and the hotplate. The 



thermally conductive, non-reactive gas, in one em- 
bodiment, is preheated before introduction into the 
airspace t>etween the wafer or flat panel and the 
hotplate, by being passed through a bore through 
the hotplate. Additionally, the wafer IS automatically 
aligned in a nnilled recession in the hotplate surface 
for future handling. 
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